This review outlines the advantages and the differences of femtosecond laser-assisted cataract surgery (FLACS) following a coaxial or microincision cataract surgery phacoemulsification in the surgical outcome and greater control of cataract surgery.
INTRODUCTION
Since the introduction of phacoemulsification in 1967 [1] , the development of this technology has been oriented to minimizing surgery time through the smallest incision possible for implantation of an intraocular (IOL) with minimal tissue damage. Microincision Cataract Surgery (MICS), term first coined in 2002 [2] , was a sensational innovation allowing a sub 2.0 mm incision.
In contrast femtosecond technology in ophthalmology was first used in the year 2003 for the creation of an Intralase corneal flap [3] . In the year 2008, the first femtosecond laser-assisted cataract surgery (FLACS) was performed [4] [5] [6] . FLACS today has improved significantly [7,8 && ,9 && ] the corneal incision phase of cataract surgery ensuring stability, reproducibility, precision, length, width, design and no induction of aberration incorneal triplanar incisions. During the capsulorhexis, it can achieve an accurate and predictable size, shape and center [7,10 & ]. A more resistant capsulorhexis, fundamental in premium lens implants, can be obtained [7] . The nuclear fragmentation enables and facilitates the elimination of the cataract reducing the time of Effective Phaco Time (EPT) both for a FemtoCoaxial and FemtoMICS procedures [8 && ]. Another unique advantage is the possibility of imaging the cutting process, which can easily be done before, during and after surgery. The scanning process and the essential three-dimensional beam delivery for acquiring three-dimensional image data is already a part of the system, thus the target tissue a Vissum Corporació n Oftalmoló gica, Instituto Oftalmoló gico de Alicante, b Division of Ophthalmology, Universidad Miguel Herná ndez, Alicante, Spain, c Instituto de la Visió n, Hospital La Carlota, Montemorelos, Mé xico and d Ophthalmology Department, AUH, Egypt can be scanned very easily without making room for additional scanning mirrors and lenses for imaging using, as a diagnostic tool, optical coherence tomography (OCT) imaging or another imaging technology, such as the Scheimpflug [11] .
The purpose of this review is to update the reader on the evidence existing so far of how the FLACS following a coaxial or MICS phacoemulsification provides advantages in the surgical outcome and greater control of cataract surgery.
TEXT OF REVIEW
Four published articles [8 && ,9 && ,12 & ,13 && ] were considered as the elements of this review. All the studies analyzed followed the tenets of the Declaration of Helsinki [14] and Ethical Board Committee approval was obtained.
All groups were interviewed for demographic data and confirmation of ocular, systemic, and medical histories and all patients signed an informed consent.
Surgeries were done by multisurgeons using LenSx (Alcon-LenSx Inc., Aliso Viejo, CA, USA).
The main outcomes are described in the following sections.
Femtosecond laser refractive lens surgery corneal incision optical coherence tomography and corneal high-order aberrations analysis
Anterior segment-optical coherence tomography (AS-OCT) (Carl Zeiss Meditec, Inc.) was used to assess 20 eyes operated with FLACS, 2.2 mm minimal incision. The primary incision (triplanar) actual length, cord length, surface angle, surface irregularity and regional pachymetry and the secondary incision (uniplanar) length, angle, surface irregularity and pachymetry were analyzed. KR-1W j aberrometer (Topcon Medical Systems, Inc.) was used to assess Corneal high-order aberrations (HOAs) to correlate the effect. Assessment was done on 1st postoperative day and on 1st month.
Laser operation room
Precise adjustment of the lens capsule position, nucleus position, anterior capsulotomy site and corneal incision configurations was performed under three-dimensional OCT image guidance. Then, nucleus fragmentation and anterior capsulotomy (5 mm) followed by clear corneal incisions was carried out.
A triplanar principal corneal incision (2.2 mm) was made (1st and 3rd side cut angles 60-708 and 2nd side cut angle , which is used for microcoaxial phacoemulsification and IOL implantation later on and a 908 apart uniplanar (1.0 mm) secondary corneal incision (side cut angle 30-458) was performed for lens and IOL manipulating instruments. The length of the incisions varies according to the corneal thickness and the side cut angles with average cord length 1 mm of the 2nd plane 'the longest' of the primary incision.
Anterior segment-optical coherence tomography analysis Five variables for the evaluation of the primary incision and four for the secondary incision were obtained. For the primary incision, we measured the actual length of the incision [segments x, y and z ( 
KEY POINTS
FemtoMICS appear to be surgically and statistically more efficient than the FemtoCoaxial technique.
Femtoincisions proved to be stable and do not significantly change the corneal high order aberrations with favorable results of the triplanar configuration.
FLACS adds precision in the most important steps during the procedure. Cataract surgery and lens implantation and regional pachymetry of the area of incision. The same variables were measured for the secondary incision with the exception of the cord length (as the incision is uniplanar and there was no difference between the actual length and the cord length) ( Fig. 3 
Corneal aberrometry
The larger diameter (6 mm) and the root mean square of the total HOAs coma Z (3, AE1), and spherical aberration Z (4, 0) were evaluated.
Anterior segment-optical coherence tomography imaging after femtosecond laser cataract surgery FLACS was performed in 40 eyes of 40 patients. The laser was programmed to perform a 4.5-mm capsulorhexis, a cross-pattern fragmentation of the nucleus, a 2.8-mm main incision, and a 1.0-mm side-port incision. The following parameters were analyzed using AS-OCT; distance from the capsulorhexis to the nucleus, the distance from the nucleus to the anterior capsule and to the posterior capsule and the diameter of the capsulorhexis.
Internal aberrations and optical quality after femtosecond laser anterior capsulotomy in cataract surgery FLACS anterior capsulotomy was performed during cataract surgery in 48 eyes. As a control group, continuous curvilinear capsulorhexis (CCC) was performed in 51 eyes. Wavefront aberrometry, corneal topography and objective visual quality were measured using the OPD-Scan (NIDEK Co. Ltd). Vertical and horizontal tilt, coma and visual quality metrics were evaluated separately to determine whether the source of aberrations was ocular or internal. Main outcome measures included postoperative residual refraction, uncorrected and corrected visual acuities, ocular and internal aberrations, Strehl ratio and modulation transfer function (MTF).
Comparative outcomes of bimanual microincision cataract surgery vs. 2.2 mm coaxial phacoemulsification assisted by femtosecond LenSx technology
Prospective, randomized, observational, comparative case series clinical study was carried out for 50 cataractous eyes selected to be operated with FLACS followed by a bimanual MICS technique 
Surgical technique
LenSx was used to perform 2.2 mm clear corneal primary incision, 1.0 mm secondary incision, anterior capsulotomy and phacofragmentation in laser operative room, followed by biaxial or coaxial phacoemulsification, IOL lens implantation and completion of the surgery in general operative room.
FemtoMICS technique
The surgeon creates a manual 1.0 mm incision that will be used for the introduction of the MICS phacoemulsification probe and the previously femtolaser created secondary incision is opened with a 'Sinskey' hook. The grasping of the anterior capsulorhexis and the phacoemulsification is done through the 1.0 mm manual incision ( Fig. 4 previously published [9 && ]). The implantation of the IOL lenses is carried out through the 2.2 mm incision that was anteriorly created by the femtosecond laser and opened at the exact moment of implanting the IOL.
Coaxial technique (2.2 mm)
The surgeon opens the primary 2.2 mm incision and the secondary 1.0 mm incision with a 'Sinskey' hook and proceeds to grasp the anterior capsulorhexis and to perform the phacoemulsification through the 2.2 mm incision. The implantation of the IOL lenses is through this same incision.
Main outcome measures:
(1) Evaluation of surgical efficiency: 
RESULTS
Femtosecond laser refractive lens surgery corneal incision optical coherence tomography and corneal high-order aberrations analysis.
Incision length
There was minimal increase on the 1st day in primary incision cord length mean after the 1st postoperative month ( 
Incision angle
The primary incision angle did not decrease significantly after the 1st month (27 AE 48 '1st day', 23 AE 58 '1st month' P ¼ 0.07) but the decrease in the secondary incision angle was significant (52 AE 38 '1st day', 42 AE 58 '1st month' P ¼ 0.007). 
Regional pachymetry
Regarding the corneal thickness at the area of incisions, there were significant increases in both primary and secondary incisions on the 1st postoperative day (670 AE 41 mm 'primary-preoperative', 844 AE 94 mm 'primary-1st day' P < 0.001) (664 AE 89 mm 'secondary-preoperative', 779 AE 59 mm 'secondary-1st day' P ¼ 0.003), then they significantly decreased after the 1st month (731 AE 87 mm 'primary-1st month' P ¼ 0.02) (673 AE 78 mm 'secondary-1st day' P ¼ 0.008).
Incision quality
AS-OCT analysis revealed a high degree of wound integrity with straight-line configuration. The 2nd plane 'the longest' appeared postoperatively as a single straight line with 1st plane 'the smallest'. The surface irregularities were in three patients and all of them were posterior in the form of defects. One case had a posterior gap on the 1st postoperative day in the primary incision with Descemet membrane detachment and another for the secondary incision that were completely resolved after the 1st month. The third case had posterior wound retraction after the 1st month of the primary incision ( Fig. 5 ).
Corneal aberrometry
The tHOAs increased after one month (0.69 AE 0.22 mm P ¼ 0.10) to almost the same preoperative mean value.
Anterior segment optical coherence tomography imaging after femtosecond laser cataract surgery
For the capsulorhexis, the femtosecond laser cut was programmed to start 350 mm behind the anterior EPT values for MICS and 2.2 mm incisions were 1.5 AE 0.9 and 4.5 AE 2.9 s. (P ¼ 0.002), respectively. The mean postoperative spherical equivalent for FemtoMICS was À0.26 and for FemtoCoaxial À0.33(P > 0.05). The efficacy index for FemtoMICS was 160.2 and 149% for Femto Coaxial measured at 1 month after surgery. No significant differences were found in corneal pachymetry, endothelial cell count and macular thickness. The mean total corneal HOAs (6 mm) both, before and after surgery were 0.6 AE 0.4 and 0.66 AE 0.2 mm, respectively (P ¼ 0.1). The mean value for internal coma (4 mm) for both procedures was 0.13 mm. The visual index for FemtoMICS was 160.2 and 149% 0.81 mm m for FemtoCoaxial measured at 1 month after surgery.
Complications
Group of FemtoMICS: 4% of cases of posterior capsule rupture. Four percent of cases of anterior capsule rupture with no tear at the posterior capsule. Group of FemtoCoaxial: 4% of cases with bridges because of an incomplete capsulorhexis. These were removed with utrata forceps without complications.
DISCUSSION
The innovation of FLACS allows a 'no touch' technique in key steps that have remained the same for 20 years [15] . Cataract surgery in developed countries is now a days a refractive operation, and the most common procedure to correct refractive errors, being performed five times more frequently than corneal refractive treatments [16] . Such consideration should be taken into account because nowadays patients are demanding the best results.
The minimal tissue damage offered by this technology [17] with highly coapted incisions and using the least required power to emulsify the nucleus provide fewer complications and fast recovery. FemtoMICS and FemtoCoaxial achieve excellent safety and efficient outcomes [8 && ]. The FLACS incisions are stable and they do not significantly change the corneal HOAs [9 && ]. FLACS capsulotomy induced significantly fewer internal aberrations compared with eyes that underwent CCC [14] . Anterior segment OCT imaging is able to detect the tissue changes within the lens after femtosecond laser capsulorhexis and nucleus fragmentation [13 && ]. Several studies [18 & ,19-25] compared MICS vs. coaxial phacoemulsification, showing better outcomes in EPT values for MICS.
The same trend of reduction of EPT and ultrasound power settings was observed in FemtoMICS. [26] .
FLACS is an excellent complement for premium IOL implantation because of the precise centration of the IOL [27] [28] [29] [30] [31] [32] [33] . Several studies reported that the exact size and centered capsulotomy result in better optical quality after the procedure.
Our study is the first to assess corneal higherorder aberrations (corneal and internal) associated to FLACS. The results of the AS-OCT analysis revealed that the incision was precise even with different surgeons and both the length and angle were minimally changed over the 1st postoperative month achieving the desired preoperative parameters. The nonsignificant change of the total HOAs, coma and spherical aberration was similar to that published by other studies on manual clear corneal incisions after 1 month of the operation and we reported this from the 1st postoperative day [34] [35] [36] .
In conclusion, the FLRLS incision is stable and they do not significantly change the HOA and have favorable results of the triplanar configuration with a highly predictable incision angle and wound length.
We believe that our complication rate was lower because of the previous high level of experience of the surgeons in the use of femtosecond laser technology in cornea procedure, thus the coupling of the system was more accurate, achieving a more perpendicular surface for the laser pulses, determining a good capsulorhexis, a key stage in cataract surgery.
We firmly believe that FLACS is the present and the future, the sooner we begin to adopt this technology, the better.
CONCLUSION
FemtoMICS appears to be surgically and statistically more efficient than the FemtoCoaxial technique and Femtoincisions prove to be stable and do not change the corneal high-order aberration significantly with favorable results of the triplanar configuration.
The improvement made in cataract surgery with the incorporation of femtosecond laser, is not yet widespread, because of the extra costs that this technology implies and which have to be covered by the patient. Meanwhile, new financial strategy models of this technology are needed in each country to facilitate its general incorporation into the practice of cataract surgery in the near future.
